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SHORT COMMUNICATION
Effects of Adenosine on Inositol 1 ,4,5-Trisphosphate
Formation and Intracellular Calcium Changes in
Formyl-Met-Leu-Phe-Stimulated Human Neutrophils
Blair AM. Walker, Brian E. Hagenlocker, Vonda K. Douglas, and Peter A. Ward
Department of Pathology, The University of Michigan Medicial School, Ann Arbor
In the presence of adenosine, formyl-Met-Leu-Phe-stimulated human neutrophils show a
greatly diminished production of superoxide anion. Analysis of changes in levels of
intracellular calcium revealed that the immediate increase (occurring within seconds) in
intracellular calcium following addition of formyl-Met-Leu-Phe is not affected by the pres-
ence of adenosine, although there are significantly lower intracellular calcium levels
during the late phase (occurring i-4 mm after addition of formyl-Met-Leu-Phe). Consis-
tent with these findings is the fact that adenosine does not affect the production of
inositol 1 ,4,5-trisphosphate in formyl-Met-Leu-Phe-stimulated neutrophils. These data
suggest that the profound inhibitory effects of adenosine on superoxide responses in
formyl-Met-Leu-Phe-stimulated neutrophils may be related to an action of adenosine
occurring late in the sequence of events of signal transduction.
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Adenosine is known to be a powerful inhibitor of su-
peroxide (O2 ) and H202 responses in human neutro-
phils stimulated by formyl-Met-Leu-Phe (fMLP) [ 1-
4,6,10,13,14]. Adenosine binds to high-affinity
receptors on the human neutrophil, and, on the basis of
varying inhibitory effects of different analogues of aden-
osine, the receptor falls into the A2 class of adenosine
receptors [4,9]. To complicate matters, adenosine does
not inhibit human neutrophil chemotactic responses to
fMLP [5,8], suggesting differences in the signal trans-
duction pathways for chemotaxis and O2 production.
The purpose of these studies was to evaluate in detail the
ability of adenosine to affect fMLP-induced increases in
intracellular calcium ([Ca2  ]) and production of inositol
1 ,4,5-trisphosphate [Ins( 1 ,4,5)P3] . The data suggest that
neither the generation of Ins( 1 ,4,5)P3 nor the immediate
increase in [Ca2  ] fMLP-stimulated neutrophils is af-
fected by preincubation with adenosine.
Human peripheral blood neutrophils were isolated us-
ing Ficoll-Hypaque density gradient separation followed
by lysis of red cells with ammonium chloride [10]. Su-
peroxide formation was determined by measuring the
superoxide dismutase-inhibitable reduction of ferricy-
tochrome c [ 1 2] . When intracellular concentrations of
calcium were assessed, cells were preloaded with fura-
2/AM (Calbiochem, La Jolla, CA), and the resulting
changes in fluorescence following cell stimulation with
fMLP were measured in a Perkin-Elmer LS-5B lumines-
cence spectrometer by continuous recording of intracel-
lular fluorescence [1 1]. For convenience, the changes in
[Ca2  1 were calculated using calcium-dependent fura-2
fluorescent values obtained at quarter-or full-minute in-
tervals. In appropriate experiments, 10 M adenosine
was added to the neutrophil preparation 3 or S mm prior
to addition of fMLP.
For the measurement of Ins(l ,4,5)P3, neutrophils
were exposed to buffer or adenosine (10 .tM) for 5 mm
followed by the addition of fMLP (100 nM). The reac-
tion was terminated by the addition of an equal volume
of ice-cold 20% trichloroacetic acid. The acid-insoluble
material was removed by centrifugation, and the super-
natant was extracted four times with water-saturated di-
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Fig. i . Effects on #{176}2 production in human neutrophils (2 x
i06) stimulated with 500 nM fMLP in the presence or absence of
io tM adenosine. Mean ± S.E. of four experiments. N.S., not
significant.
ethyl ether and neutralized with 1 M KHCO1. The
Ins( I ,4,5)P3 mass was determined using a stereospecific
binding assay [7] (Amersham International, Amersham,
England). Ins( 1 ,4,5)P3 levels were measured at 0, 10,
20, and 30 sec following fMLP exposure. The highest
Ins( I ,4,5)P3 mass was always measured at 10 sec. All
reagents were purchased from Sigma Chemical Co. (St.
Louis, MO) unless otherwise noted. A paired Student’s
test was used to compare all groups. Significance was
defined as P < 0.05 and data are presented as mean ±
S.E.
As has been documented elsewhere [1-4,6,10,13,14],
10 pM adenosine has a suppressive effect on the gener-
ation of O2 in 2 x 106 human neutrophils stimulated
with 500 nM fMLP (Fig. 1). On the basis of four separate
experiments, 02 production in unstimulated neutrophils
was not affected by the presence of adenosine (approxi-
mately 2.5 nmole O2/15 mm; not significant), but there
was a 54% suppression of O2 production in adenosine-
treated neutrophils stimulated with fMLP.
As is shown in Figure 2, which represents the mean of
eight separate experiments, the addition of adenosine (10
riM) did not alter [Ca2  ] over the 3 mm prior to the
addition of fMLP. Exposure of adenosine-treated or
buffer-treated neutrophils to fMLP (100 nM) results in a
rapid rise in [Ca2  ] which peaks within 15 sec. Aden-
osine pretreatment did not affect the peak [Ca2  ]. but did
result in a more rapid fall in [Ca2  ] that was signifi-
cantly lower than in buffer-treated cells at 1 , 2, 3, and 4
mm after fMLP addition.
Figure 3 represents the mean of five separate experi-
ments in which neutrophils were pretreated for 3 mm
with or without adenosine ( 10 pM) and then exposed to
fMLP ( 100 nM). In the absence of adenosine, the
Ins( 1 ,4,5)P3 mass in fMLP-stimulated neutrophils rose








Fig. 2. Changes in intracellular calcium ([Ca2i1, nM) in fura-
2-loaded human neutrophils incubated with salt solution
(“buffer”) or with 10 M adenosine followed by addition of iOO
nM fMLP. P < 0.05 comparing adenosine-treated to buffer-
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Fig. 3. Effects of adenosine on peak lns(i ,4,5)P3 mass in cx-
tracts of neutrophils stimulated at 37#{176}Cwith iOO nM fMLP. Peak
lns(i ,4,5)P3 mass were reached at 10 sec following the addition
of fMLP. Mean ± S.E. of five experiments. N.S., not significant.
presence of adenosine, the rise was 1 15%, to a level of
4.87 ± 0.82 pmol/l06 cells. There was no statistically
significant difference between the peak Ins( 1 ,4,5)P3 re-
sponses in fMLP-stimulated neutrophils in the presence
or absence of adenosine (Fig. 3).
The mechanism by which adenosine is able to inhibit
02 production in fMLP-stimulated neutrophils is not
clearly established. The data in this report in which nei-
ther the generation of Ins( I ,4,5)P3 nor the immediate
increase in [Ca2  ] following stimulation of cells with
fMLP is affected by the presence of adenosine suggests
that the inhibitory capacity of adenosine may be at a step
other than events leading to activation of phospholipase
C. In other words, adenosine may not have as its target
the early events in signal transduction.
In recent studies [ 10] , we have demonstrated that hu-
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man neutrophils exposed to adenosine show a slight re-
duction (10-18%) in the number of fMLP receptors,
without a change in affinity. Since virtually identical
changes in the number and affinity of fMLP receptors
occur in cells exposed to adenosine-5’-O-(3-thiophos-
phate) (which enhances 02 responses to stimulation by
fMLP), these observations suggest that the inhibitory ef-
fects of adenosine cannot be explained by the changes
this purine compound induces in fMLP receptor content.
These observations are consistent with the hypothesis
that adenosine inhibits O2 production in fMLP-stimu-
lated neutrophils via an effect on the late events in the
signal transduction pathway. Indeed, although earlier
studies had indicated that, with relatively high concen-
trations of the phorbol 12-myristate 13-acetate (PMA),
adenosine has no inhibitory effect on O2 formation [2],
we have recently been able to demonstrate that when the
concentration of PMA is maintained at low levels (0. 1-
2.0 ng/ml), there is consistent and statistically significant
inhibition (3 1-46%) of the 02 response in the presence
ofadenosine [10]. These data are consistent with concept
that the inhibitory effects of adenosine might be directed
at events related to activation of protein kinase C (e.g.,
proteolysis, translocation) or to a direct inhibitory effect
on NADPH oxidase, although the latter seems less likely
in that adenosine does not reduce the low level of O2
generation in “resting” neutrophils (Fig. 3).
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